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DESCRIPTION 

LIGHT SOURCE DEVICE AND VIDEO DISPLAY APPARATUS USING THE 
SAME 

Technical Field 

[0001] The present invention relates to a light source 
device having a reflector for reflecting the outgoing light 
that is emitted from an arc tube and a video display apparatus 
using this. 

Background Art 

[0002] Referring to FIGS. 17 to 23, the background art 

of the present invention will be described. FIGS. 17 (a) and 
(b) are comparative illustrations showing the directions of 
arrangement of arc tubes; FIG. 18 is a horizontal sectional 
view showing a schematic configuration of a light source device 
of an optical-axis parallel arrangement type; FIG. 19 is a 
horizontal sectional view showing the behavior of the outgoing 
light emitted from the light generation point of the light 
source device of the optical-axis parallel arrangement type 
shown in FIG. 18. 

Conventionally, in the light source devices used for 
projection type display apparatuses and the like which need 
a high-luminance light source, arc tubes which achieve 
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illumination by causing arc discharge, such as a metal halide 
lamp, xenon short arc lamp and high-pressure type mercury 
lamp have been employed. 

As shown in FIG. 18, the light source device is composed 
5 of an arc tube 1 and a reflector 2 made up of a heat-resistance 

glass substrate or ceramic substrate for reflecting the 
outgoing, light emitted from this arc tube 1. 
[0003] As shown in FIGS. 17(a), (b) and 18, arc tube 1 
is comprised of an anode electrode 3 and a cathode electrode 

10 4, arranged on a line cutting through a light generation point 

(center of light emission) L0 and on both sides of the light 
generation point and sealed in a glass tube 5 . The light source 
tubes can be generally classified into the optical axis 
parallel arrangement type as the conventional art and the 

15 optical axis perpendicular arrangement type, depending on 

the orientation of arrangement of this arc tube 1. Here, the 
common center axis cutting through both the anode electrode 
and the cathode electrode will be called "electrode axis 01". 
[0004] Connected to anode electrode 3 is an anode-side 

20 lead wire 3A while a molybdenum sheet 6 is welded to the 

anode-side lead wire 3A. 

Similarly, connected to cathode electrode 4 is a 
cathode-side lead wire 4A while a molybdenum sheet 7 is welded 
to the cathode-side lead wire 4A. Here, 5A and 5B designate 

25 sealed portions in which anode-side lead wire 3A and 



cathode-side lead wire 4A are sealed, respectively . 
[0005] The optical-axis parallel arrangement type 

indicates a configuration in which, with the X-, Y- and Z-axes 
shown in FIG. 17 (a) , when the optical axis LA is aligned with 
the X-axis, the electrode axis 01 of arc tube 1 also lies 
in the X-direction. The optical-axis perpendicular 
arrangement type indicates a configuration in which, as shown 
in (b) in the same figure, the electrode axis 01 of arc tube 
1 lies in the Z-direction. 

In the above configurations, the outgoing light emitted 
from arc tube 1 is reflected by reflector 2 in a predetermined 
direction or to a predetermined area. 

[0006] Meanwhile, in the case of the aforementioned 

optical-axis parallel arrangement type, as shown in FIGS. 
18 and 19, there exits cathode electrode 4 in the irradiated 
direction of the outgoing light beams with respect to the 
light generation point L0, so that sealed portion 5B on one 
side of arc tube 1 becomes an obstacle that blocks the path 
of the outgoing light beams, causing the problem that the 
use efficiency of the outgoing light emitted from the light 
source is degraded. 

[0007] In order to make improvement against this problem, 

Japanese Patent Application Laid-open Hei 2-55325 discloses 
a light source device of the optical-axis perpendicular 
arrangement type . This will be referred to as "the first prior 
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art" . 

However, there tends to be occur a lack of balance in 
the light output distribution with the light source device 
of the optical-axis perpendicular arrangement type . For this 
reason, proposals such as Japanese Patent Application 
Laid-open Hei 4-242064, Japanese Patent Application Laid-open 
Hei 6-214115 and others have been disclosed in which a condenser 
lens or fresnel lens is laid out in the full range of the 
outgoing light beams . This will be referred to as "the second 
prior art". 

[0008] FIGS. 20 and 21 show one example of the light source 

device according to the first prior art. FIG. 20 is a top 
view showing a light source device of the optical-axis 
perpendicular arrangement type according to one example of 
the first prior art, using a reflector having an elliptic 
reflecting surface. FIG. 21 is a side view showing a light 
source device according to another example of the first prior 
art, where a reflector having an elliptic light reflecting 
surface is used and the electrode axis of the arc tube is 
arranged approximately perpendicularly to the optical axis. 

Herein, the configurations of the light source devices 
shown in FIGS. 20 and 21 are almost equivalent to that of 
the light source device shown in FIGS. 18 and 19, except in 
that the direction of the arc tube is different (the 
optical-axis parallel arrangement type) , so the corresponding 



components are allotted with the same reference numerals and 
detailed described is omitted. 

Further, in FIGS. 20 and 21, the direction of the optical 
axis is aligned along the X-axis, the height of the final 
assembled product is aligned with the Y-axis and the direction 
of the depth of the final assembled product is aligned with 
the Z-axis. The view of an X-Z cross-section is referred to 
as a top view and the view of a X-Y plane is referred to as 
a side view. 

[000 9] The light source device of the optical-axis parallel 
arrangement type according to the example shown in FIG. 20, 
of the outgoing light beams emitted from light generation 
point L0, the outgoing light beams reflected on the 
elliptically curved light reflecting surface of reflector 
2 involve the components that reach a predetermined condensed 
spot Sp and the components that irradiate molybdenum sheet 
6 on the anode electrode 3 side and is absorbed thereto as 
the outgoing light beam that is reflected at a reflection 
point 2a on the reflecting surface. 

[0010] Actually, when viewed from the optical axis 
direction LA, part of the outgoing light beams irradiated 
on the light reflecting surface at the rear of arc tube 1 
illuminate anode electrode 3, cathode electrode 4 and 
molybdenum sheets 6 and 7 and is absorbed thereto, so that 
the use efficiency of the outgoing light beams emitted from 



the light source is degraded, causing temperature rise at 
sealed portions 5A and 5B of arc tube 1. 

Further, since light beams ranging from optical axis 
LA to Gloss do not illuminate the light reflecting surface, 
most of them do not reach the condensed spot Sp, resulting 
in loss of light. 

[0011] Shown in FIG. 21 is a side view of a light source 

device of the optical-axis perpendicular arrangement type 
according to another example, in which the electrode axis 
01 of arc tube 1 is arranged approximately perpendicularly 
to the optical axis LA while the light reflecting surface 
of reflector 2 is formed with an ellipsoid. 

The distribution of light from arc tube 1 is limited 
within an angular range defined by LA-L0-2a(2b) and 
corresponds to the above-described distribution of light Glamp 
shown in FIG. 18. When viewed from the side shown in FIG. 
21, light beams are emitted in all directions in the X-Y plane 
from light generation point LO of arc tube 1 as the center, 
forming a .360 degree light distribution. 

[0012] In this case, a light beam emitted from light 

generation point L0 and reflected off a reflection point 2c 
of reflector 2, or the outgoing light beam reflected off the 
light reflecting surface located at the rear of arc tube 1, 
viewed from the optical axis LA, is deflected on the outer 
surface of glass tube 5 of arc tube 1 and cannot reach the 



desired condensed spot Sp, resulting a loss of light. 
[0013] Next, the light source device according to the 
second prior art will be described with reference to FIGS. 
22 and 23. FIG. 22 is a top view of a light source device 
of an optical-axis perpendicular arrangement type according 
to one example of the second prior art, in which the reflecting 
surface of a reflector is formed with a concentric surface 
and a condenser lens is provided. FIG. 23 is a side view of 
the light source device. 

[0014] The light source device shown in FIGS. 22 and 23 
has the same configuration as that of the light source device 
shown in FIGS. 20 and 21, except in that the reflector surface 
10a of a reflector 10 is formed with a spherical surface and 
a condenser lens 11 is disposed, so that the same components 
as those are allotted with the same reference numerals with 
detailed description omitted. 

[0015] The light source device configuration shown in FIG. 

22 is constructed such that, in the light source device of 
an optical-axis perpendicular arrangement type (shown in FIG. 
20) according to the first prior art, reflecting surface 10a 
of reflector 10 located at the rear of arc tube 1, viewed 
from optical axis LA, is made to be a spherical surface centered 
at light generation point L0 and condenser lens 11 is arranged 
in front of arc tube 1, viewed from optical axis LA. 

In this configuration, the outgoing light beams emitted 
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from arc tube 1 go out from light generation point LO toward 
condenser lens 11 in a light distribution with an angle 62 
(the same as the Glamp in FIG. 18) . 

[0016] Light beams also go out from light generation point 

LO to the reflector 10 side with angle 92, and ideally pass 
through light generation point LO once again and go out to 
the condenser lens 11 side with a light distribution with 
angle 62 . In this configuration, condenser lens 11 is designed 
based on the light distribution of arc tube 1, so that the 
light beams having an angular spread of 92 are condensed; the 
outgoing light beam incident on an incident point 11a of 
condenser lens 11 reaches condensed spot Sp. 

It seems that almost all outgoing light beams reach the 
predetermined condensed spot Sp in FIG. 22. However, 
referring to the side view shown in FIG. 23, the outgoing 
light beams from the arc tube spread from the center or light 
generation point LO in all directions in the X-Y plane, forming 
a 360 degree light distribution. 

[0017] In this case, the light beams emitted from arc tube 

1 involve the components that go out directly from light 
generation point L0 to the lens 11 side with an outgoing angle 
of 180 deg. and the components that go directly from light 
generation point L0 toward the concentric reflecting surface 
10a of reflector 10 with an outgoing angle of 180 deg. and 
then ideally pass the light generation point L0 once again 



to illuminate the condenser lens 11 side. 

Of these outgoing light beams, only an angular spread 
of angle 02 of outgoing light beams enter condenser lens 11. 
That is , only the light beams that are incident on the effective 
diameter of condenser lens 11 will reach the condensed spot 
Sp. 

Patent document 1 : 

Japanese Patent Application Laid-open H2-55325 
Patent document 2 : 

Japanese Patent Application Laid-open H4-242064 
Patent document 3 : 

Japanese Patent Application Laid-open H6-214115 

Disclosure of Invention 

Problems to be Solved by the Invention 
[0018] However, in the light source device of the 
optical-axis perpendicular arrangement type represented as 
the first prior art, when the reflecting surface of the 
reflector is formed with a non-spherical surface such as an 
ellipsoid, hyperboloid or the like, of the outgoing beams 
emitted from the arc tube, the light components that do not 
illuminate the non-spherical reflecting surface of the 
reflector cannot reach the desired condensed spot or area, 
resultantly the light collection efficiency degrades. 
[0019] On the other hand, in the light source device of 
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the optical-axis perpendicular arrangement type represented 
as the second prior art, when the reflecting surface of the 
reflector arranged at the rear of an arc tube is formed with 
a concentric surface and a condensing element such as a lens 
or the like is disposed in front of the arc tube, viewed from 
the optical axis, there is a limit to the angle for collecting 
the outgoing light when the condensing element collects the 
outgoing beams from the arc tube and from the concentric 
reflecting surface. Resultantly, also in this case there 
occurs the problem that the light collection efficiency 
degrades . 

[0020] It is therefore an object of the present invention 

to provide a light source device which has a simple and compact 
configuration and can still be improved in the efficiency 
of light condensation to a predetermined small-diametric area 
and hence is free from degradation of the light collection 
efficiency, as well as providing a video display apparatus 
using this. 

Means for Solving the Problems 

[0021] The light source device and video display apparatus 
according to the present invention in order to achieve the 
above object have the configurations as follows. 

A light source device according to the first aspect of 
the present invention includes: an arc tube having a pair 



of main electrodes; and a reflector for reflecting an outgoing 
light emitted from the arc tube, the electrode axis of the 
main electrodes being arranged to cross a light axis of the 
outgoing light, and is characterized in that the reflector 
is formed of a first reflector portion having a spherical 
surface centered at a light generation point of the arc tube 
and a second reflector portion having a curved surface . 
different from the first reflector portion, and a condenser 
that condenses the outgoing light emitted from the arc tube 
to other than the second reflector portion so as to illuminate 
the condensed outgoing light in a predetermined direction 
or to a predetermined area is provided. 

[0022] According to the second, third and fourth aspects 

of the present invention, in the first aspect, the second 
reflector portion is formed with an ellipsoid, hyperboloid 
or, a spherical surface different in curvature from the 
spherical, surface . 

[0023] According to the fifth aspect of the present 
invention, in any of the first to fourth aspects, a luminance 
equalization means for equalizing (flattening) a surface 
luminance of the light beams by shaping the outgoing light 
emitted from the arc tube into a designated pattern and by 
mixing by multiple reflection is further provided. 

According to the sixth aspect of the present invention, 
in any of the first to fourth aspects, a luminance equalization 
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means for equalizing (flattening) a surface luminance of the 
light beams by shaping the outgoing light emitted from a light 
source into a designated pattern and by mixing by multiple 
reflection is further provided. 

In these cases, the reflector and the luminance 
equalization means can be integrally formed. 
[0024] According to the seventh aspect of the present 
invention, in the fifth or sixth aspects, sealed portions 
that seal the main electrodes are formed on both sides of 
the light generation point of the arc tube, and heat radiation 
members are arranged between these sealed portions and the 
reflector . 

[0025] According to the eighth or ninth aspect of the 

present invention, in any of the first to seventh aspects, 
the reflector has a separable structure such that it can be 
separated along a plane perpendicular to the optical axis 
or it can be separated along a plane parallel to the optical 
axis . 

[0026] A video display apparatus according to the tenth 

aspect of the present invention is characterized in that a 
light source device according to any one of the above first 
through ninth aspects is used. 

Effect of the Invention 

[0027] According to the first to eleventh aspects of the 
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present invention, since the reflector is formed of the first 
reflector portion having the spherical surface centered at 
the light generation point of the arc tube and the second 
reflector portion having the curved surface different from 
5 the first reflector portion, and the condenser that condenses 

the light emitted from the arc tube to other than the second 
reflector portion is provided, it is possible to improve the 
efficiency of condensation of light to a designated 
small-diametric area with a simple structure. In one word, 
10 outgoing light from the light generation point of the arc 

tube can be efficiently utilized. 

[0028] According to individual aspects of the present 
invention, in addition to the above common effect obtained 
from the first to eleventh aspects of the present invention, 

15 the following effect can be obtained. 

According to the second aspect of the present invention, 
since the second reflector portion is formed with the ellipsoid, 
it is possible to provide a short-focal length design with 
a small image-forming magnification. Accordingly, this 

20 configuration is able to achieve good light condensation 

efficiency with a small spot and contributes to making the 
light-source device compact. 

[0029] According to the third aspect of the present 
invention, since the second reflector portion is formed with 
25 the hyperboloid, of the outgoing light emitted from the arc 



tube the components that are reflected off the second reflector 
portion 42 can be formed into outgoing light beams that are 
approximately parallel to the optical axis. 
[0030] According to the fifth aspect of the present 
invention, since a luminance equalizationmeans for equalizing 
(flattening) the surface luminance of the light beams by 
shaping the outgoing light emitted from the arc tube into 
a designated pattern and by mixing by multiple reflection 
is provided, it is possible to obtain display images free 
from luminance unevenness. 

[0031] According to the sixth aspect of the present 
invention, since a luminance equalizationmeans for equalizing 
(flattening) the surface luminance of the light beams by 
shaping the outgoing light emitted from a light source into 
a designated pattern and by mixing by multiple reflection 
is provided, it is possible to obtain display images free 
from luminance unevenness. 

[0032] According to the seventh aspect of the present 

invention, since the reflector and the luminance equalization 
means are integrally formed, it is possible to provide a simple 
configuration. 

[0033] According to the eighth aspect of the present 
invention, since sealed portions that seal the main electrodes 
are formed on both sides of the light generation point of 
the arc tube, and heat radiation members are arranged between 



these sealed portions and the reflector, it is possible to 
efficiently illuminate the outgoing light beams from the arc 
tube on the screen without the necessity of optical axis 
alignment of the light-source device with the luminance 
equalization means and other works after the assembly of the 
product is completed. This configuration is effective in 
improving the light usage efficiency and preventing luminance 
variation of final assembled products. 

Further, since it is possible to perform optimal 
temperature control of the arc tube itself during continuous 
illumination, and it is also possible to arrange the auxiliary 
electrodes in the area other than the light output distribution 
of the discharge tube, the use efficiency of the outgoing 
light emitted from the light source will be no longer hindered. 
[0034] According to the ninth aspect of the present 
invention, since the reflector has the separable structure 
such that it can be separated along the plane perpendicular 
to the optical axis, the angle formed between the vapor 
deposition source and the normal to the reflection film forming 
surface of the reflector during vapor deposition, or the 
incident angle of vapor deposition molecules, becomes smaller 
and the flight distances of vapor deposition molecules are 
made uniform. As a result, it is possible to improve the film 
forming accuracy during vapor deposition or sputtering of 
dielectric reflection multi-coating, total-reflection 
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coating, etc., even with a complex configuration, hence 
improve the reflectance of the reflector, thus making it 
possible to enhance the use efficiency of the outgoing light 
emitted from the light source. 

[0035] According to the tenth aspect of the present 
invention, since the reflector has the separable structure 
such that it can be separated along the plane parallel to 
the optical axis, the angle formed between the vapor deposition 
source and the normal to the reflection film forming surface 
of the reflector during vapor deposition, or the incident 
angle of vapor deposition molecules, becomes smaller and the 
flight distances of vapor deposition molecules are made 
uniform. As a result, it is possible to improve the film 
forming accuracy during vapor deposition or sputtering of 
dielectric reflection multi-coating, total-reflection 
coating, etc., even with a complex configuration, hence 
improve the reflectance of the reflector, thus making it 
possible to enhance the use efficiency of the outgoing light 
emitted from the light source. This configuration is 
especially effective for small reflectors with a large depth. 

Brief Description of Drawings 
[0036] 

[FIG. 1] FIG. 1 is a horizontal sectional view showing a 
basic configuration of a light source device according to 



the first embodiment of the present invention. 
[FIG. 2] FIG . 2 is a side sectional view of the above light 
source device. 

[FIG. 3] FIG. 3 is a horizontal sectional view of a light 
source device according to the second embodiment of the present 
invention . 

[FIG. 4] FIG. 4(a) is a horizontal sectional view showing 
one example of a specific lens structure for supporting a 
lens provided for the light source device according to the 
first embodiment of the present invention; and (b) is a front 
view showing the lens structure only. 

[FIG. 5] FIG . 5(a) is a horizontal sectional view showing 
a variational example of a specific lens structure; and (b) 
is a front view showing the lens structure of the variational 
example . 

[FIG. 6] FIG. 6 is a horizontal sectional view for explaining 
the behavior of the outgoing light emitted from an arc tube 
and the arrangement position of a condenser in a light source 
device according to the first embodiment of the present 
invention . 

[FIG. 7] FIG. 7 is an illustrative view showing the focal 
length and image forming magnification of a lens. 
[FIG. 8] FIG. 8 is a comparative chart showing the results 
of the use efficiency of the outgoing light emitted from a 
light source when the diagonal size of the predetermined area 
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is varied. 

[FIG . 9] FIG. 9 is a horizontal sectional view showing a 
basic configuration of a light source device according to 
the third embodiment of the present invention. 

[FIG. 10] FIG. 10 is a horizontal sectional view showing a 
light source device according to the fourth embodiment of 
the present invention. 

[FIG. 11] FIG. 11 is a horizontal sectional view showing a 
light source device according to the fifth embodiment of the 
present invention . 

[FIG. 12] FIG. 12 is a horizontal sectional view showing a 
light source device according to the sixth embodiment of the 
present invention . 

[FIG. 13] FIG. 13 is a schematic view showing a reflector 
according to the first variational example. 

[FIG. 14] FIG. 14(a) is a schematic horizontal sectional view 
showing a reflector according to the second variational 
example; and(b) is a sectional view cut along a line I-I shown 
in (a) . 

[FIG. 15] FIG. 15 (a) is a schematic horizontal sectional view 
showing a reflector according to the third variational 
example; and(b) is a sectional view cut along a line II-II 
shown in (a) . 

[FIG. 16] FIG. 16 is a schematic view showing an overall 
configuration of a video display apparatus according to one 
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embodiment of the present invention. 

[FIG. 17] FIGS. 17(a) and (b) are comparative illustrative 
views showing the directions of arrangement of arc tubes. 

[FIG. 18] FIG. 18 is a horizontal section showing a schematic 
5 configuration of a light source device of the optical-axis 

parallel arrangement type. 

[FIG. 19] FIG. 19 is a horizontal section showing the behavior 
of the outgoing light emitted from a light generation point 
of the light source device of the optical-axis parallel 

10 arrangement type shown in FIG. 18. 

[FIG. 20] FIG. 20 is a top view showing a light source device 
of an optical-axis perpendicular arrangement type according 
to one example of the first prior art, wherein the reflecting 
surface of a reflector is formed with an ellipsoid. 

15 [FIG. 21] FIG. 21 is a side view showing a light source device 

according to another example of the first prior art, wherein 
the light reflecting surface of a reflector is formed with 
an ellipsoid and the electrode axis of an arc tube is arranged 
perpendicularly to the optical axis. 

20 [FIG. 22] FIG. 22 is a top view showing a light source device 

of the optical-axis perpendicular arrangement type according 
to one example of the second prior art, wherein the reflecting 
surface of a reflector is formed with a concentric spherical 
and a condenser lens is provided. 

25 [FIG. 23] FIG. 23 is a side view showing the above light source 
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device . 

Description of Reference Numerals 
[0037] 

20 arc tube 

21, 22 main electrode 

23a, 23b sealed portion 

30, 44, 70, 80, 90 reflector 

31 first reflector portion 

32 second reflector portion 
40 lens (condenser) 

44a luminance equalization means 
60 Radiating member 

B, C, D, E, F, G light source device 

01 electrode axis 

LA optical axis 

L0 light generation point 

H video display apparatus 

Best Mode for Carrying Out the Invention 

[0038] Now, the embodiment modes of the present invention 
will be described with reference to FIGS. 1 to FIG. 16. First, 
referring to FIGS. 1 and 2, a light source device according 
to the first embodiment of the present invention will be 
described. FIG. 1 is a horizontal sectional view showing a 
basic configuration of the light source device according to 



the first embodiment of the present invention; and FIG. 2 
is a side sectional view of this light source device. 
[0039] A light source device B according to the first 
embodiment of the present invention includes: as shown in 
FIG. 1, an arc tube 20 as a light source; a reflector 30 that 
reflects the outgoing light emitted from this arc tube 20; 
and a condenser 40. 

[0040] Though arc tube 20 has the same configuration as 
that of the aforementioned arc tube 1, the configuration will 
be described in further detail. 

Arc tube 20 is a direct current lighting high-pressure 
mercury lamp having an approximate diameter of 10 (mm) , in 
which a pair of main electrodes, i.e., an anode electrode 
21 and a cathode electrode 22 are sealed in a glass tube 23. 
Here, the electric power supplied to this arc tube ranges 
from 150 (W) to 200 (W) . Here, 23a designates a sealed portion 
that seals an anode electrode side lead wire 24 and 23b 
designates a sealed portion that seals a cathode electrode 
side lead wire 27. 

[0041] Cathode electrode 22 is formed of a pointed portion 

22a with an enhanced work function for the purpose of activating 
electron emission and a coiled portion 22b for controlling 
the work function and regulating electron emission. 

[0042] Glass tube 23 consists of quartz having a thermal 

resistance against 1000 deg. C or higher, and mercury and 
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start gases such as argon gas, xenon gas etc., for adjusting 
the vapor pressure are sealed in the space in which light 
generation point LO is sealed. 

[0043] Anode electrode 21 and cathode electrode 22 are 
aligned along an electrode axis 01 that cuts through light 
generation point LO and arranged at both sides of the light 
generation point LO . The inter-electrode distance (arc gap) 
between these anode electrode 21 and cathode electrode 22 
ranges from approximately 1.0 (mm) to 1.3 (mm). 
[0044] Arc tube 20 and an unillustrated arc tube 
illumination regulator (called "ballast" in general) are 
electrically connected via anode electrode side lead wire 
24 and cathode electrode side lead wire 27 which are exposed 
outside glass tube 23. 

Upon activation of illumination, a potential difference 
of some kv to some tens kv is generated between anode electrode 
21 and cathode electrode 22 so as to cause breakdown of 
insulation between these anode electrode 21 and cathode 
electrode 22 and start glow discharge, then develop it into 
arc discharge, followedby continuation of stable illumination. 
Here, 25 and 26 designates molybdenum sheets welded to part 
of anode electrode side lead wire 24 and cathode electrode 
side lead wire 27. 

[0045] Reflector 30 is to reflect the outgoing light 
emitted from arc tube 20 to a predetermined direction, and 
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is composed of a first reflector portion 31 having a spherical 
surface centered at light generation point LO of arc tube 
20 and a second reflector portion 32 having a curved surface 
different from the first reflector portion 31. 

In the present embodiment, the reflector is formed of 
an aluminum substrate having a thermal conductivity 200 times 
as. high as glass. Conventionally, other than the 
aforementioned heat-resistant glass substrate, the reflector 
is used to be formed of a ceramic substrate. 
[004 6] "A curved surface different from the first reflector 

portion 31" in this embodiment is an ellipsoid. However, the 
present invention should not be limited to this . For example , 
a spherical surface having a curvature different from that 
of the spherical surface of the first reflector portion 31 
is acceptable. Alternatively, a curved surface such as a 
hyperboloid or the like other than spherical surfaces may 
be accepted. 

[0047] Formed between first reflector portion 31 andsecond 

reflector portion 32 is a light source fitting groove 33 having 
a predetermined width W, in which arc tube 20 is placed. "A 
predetermined width W" is as large as a clearance is marginally 
formed around sealed portions 23a and 23b of arc tube 20, 
and can be specified taking into consideration the degree 
of heat radiation of the arc tube 20. 

[0048] Formed on the light reflecting surfaces that reflect 



light beams emitted from the arc tube 20, specifically, first 
reflector portion 31 and second reflector portion 32, are 
a dielectric reflection coating (not shown) consisting of 
laminated Ti0 2 and Si0 2 films. 

Specifically, in consideration of heat radiation of 
reflector 30, a layer for converting the infrared component 
into heat is formed with oxidation of anodized aluminum, 
chromium plating, black paint, etc., so as to configure 
reflector 30 to efficiently absorb and radiate heat. A base 
coating for buffering and smoothing is applied on the 
aforementioned layer for converting the infrared component 
into heat, then multi-layered dielectric reflecting films 
consisting of Ti0 2 and Si0 2 are formed so that visible light 
rays reach the predetermined condensed spot. 
[0049] In the present embodiment, heat from arc tube 20 

during continuous illumination is adapted to be absorbed and 
radiated by reflector 30. However, the configuration is not 
limited to this, and it is possible to use a metal substrate 
whose reflecting surface is simply polished. An image 
reflection coating and a total reflection coating of silver, 
aluminum are formed on a metal substrate so that ultraviolet 
rays, infrared rays can be absorbed or radiated. 
[0050] Next, the positional relationship between the 
aforementioned reflector 30 and arc tube 20 will be described. 
Electrode axis 01 of anode electrode 21 and cathode 



electrode 22 in arc tube 20 is arranged approximately 
perpendicularly to optical axis LA. In this case, the 
aforementioned reflecting surface having an ellipsoid (second 
reflector portion 32) is designed based on the following 
formulae where light generation point L0 of arc tube 20 is 
positioned at a first condensed spot Fl and the predetermined 
condensed spot Sp is positioned at a second condensed spot 
F2. 

[0051] As to the symbols shown in the following equations 

(1) to (4), x, y are the coordinates of a point residing on 
an circumference of an ellipse in the X-Y coordinate system, 
a is the length of the major axis of the ellipse (X=0) from 
the origin on the X-Y coordinate system, b is the minor axis 
of the ellipse (Y=0) and e is the eccentricity of the ellipse. 

X 2 /a 2 +y 2 /b 2 =l ... (1) 

e =(a 2 -b 2 ) 1/2 /a (2) 

Fl=axe=L0 • • • (3) 

F2= (-a) xe=Sp • • • (4) 

[0052] The effective diameter of lens 40 as a condenser 
is designed so as to bring the component that is not illuminated 
on second reflector portion 32, or the outgoing light beams 
within the area defined by a spread angle 01, of the outgoing 
light emitted from light generation point L0 of arc tube 20, 
to the desired condensed spot Sp. 

[0053] Next, a light source device according to the second 
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embodiment will be described with reference to FIG. 3. FIG. 
3 is a horizontal sectional view showing a light source device 
according to the second embodiment. 

A light source device C according to the second embodiment 
5 has the same configuration as that of light source device 

B according to the aforementioned first embodiment except 
for the reflector configuration, so that the same components 
are allotted with the same reference numerals without detailed 
description. Here, description will be made on the reflector 

10 that has a different configuration. 

[0054] A reflector 50 of a variational example has the 
same configuration as the aforementioned reflector 30 in 
respect that the reflector is formed of a first reflector 
portion 41 having a spherical surface centered at light 

15 generation point L0 of arc tube 20 and a second reflector 

portion 42 having a curved surface that is different from 
the first reflector portion 41. 

In the reflector 50 of the variational example, "a curved 
surface that is different from the first reflector portion 

20 41" is a hyperboloid (paraboloid) . 

[0055] Specifically, of the outgoing light from light 

generation point L0 of arc tube 20, the component that is 
reflected off the second reflector portion 42 is formed into 
light beams approximately parallel to optical axis LA to 

25 irradiate the predetermined area Sp. In this case, if no lens 
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40 is arranged, most of the outgoing light beams that are 
emitted from arc tube 20 within angle 91 as shown in FIG. 3 
and do not illuminate the second reflector portion 42 do not 
reach the aforementioned predetermined areas Sp, hence 
5 resulting in loss of light. In other words, in the present 

embodiment, no loss of light will occur since lens 40 is 
disposed. 

When the second reflector portion 42 is formed with a 
hyperboloid as in this embodiment, a fly-array or the like 
10 may be arranged on the optical path between the light source 

device and the predetermined area in order to make improvement 
against luminance unevenness in the aforementioned 
predetermined area Sp. 

[0056] FIG. 4(a) is a horizontal sectional view showing 

15 one example of a specific lens structure for supporting a 

lens provided for the light source device according to the 
first embodiment of the present invention; (b) is a front 
view showing the lens structure only; FIG. 5(a) is a horizontal 
sectional view showing a variational example of the same 
20 specific lens structure; (b) is a front view showing the lens 

structure of the variational example. FIG. 6 is a horizontal 
sectional view for explaining the behavior of the outgoing 
light emitted from an arc tube and the arrangement position 
of a condenser in the light source device according to the 
25 first embodiment of the present invention. 
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Here, in FIGS. 4 to 6, the same components as explained 
in the light source device B according to the first embodiment 
will be allotted with the same reference numerals without 
detailed description . 

[0057] A lens structure 41 as a condenser as shown in FIG. 
4 is composed of a biconvex lens 41a for condensing the light 
beams that do not illuminate the second reflector portion 
32 (the component other than the light beams irradiated on 
the second reflector portion 32, indicated by the broken line 
area in FIG. 6) and a donut-shaped lens 41b formed of a flat 
substrate having a center hole with a diameter corresponding 
to that of lens 41a. 

The biconvex lens 41a and donut-shaped lens 41b are 
assembled by fitting the biconvex lens 41a into the hole 41a' 
of donut-shaped lens 41b and bonding each other with a 
heat-resistant adhesive . 

The lens structure 41 is fixed by fitting the outer 
peripheral edge of the donut-shaped lens 42b into a fitting 
groove 32a that is formed annularly at a predetermined position 
of second reflector portion 32. 

[0058] A lens structure (condenser) 43 according to a 
variational example shown in FIG. 5 is composed of lens holding 
members 43a and 43a and a lens 40 that is supported between 
the distal ends of the lens holding members 43a and 43a. 

[0059] Lens holding members 43a and 43a are fixed at their 
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proximal end to second reflector portion 32 so that their 
distal ends oppose each other with a necessary distance apart . 

According to this configuration, when the distribution 
of light of arc tube 20 is assumed to be 01 (see 01amp as shown 
in FIG. 18) and the effective diameter of lens 40 is greater 
than 01 , no outgoing light beams illuminate lens holding 
members 43a and 43a, hence the use efficiency of the outgoing 
light emitted from the light source will not be lowered. Here, 
lens holding members 43a and 43a need not be integrally formed 
with second reflector portion 32 . 

[0060] Next, the method of placement of the lens will be 
described with reference to FIG. 6. Since the behavior of 
the outgoing light beams is symmetry on the top side (in the 
Y-positive direction) and the bottom side (in the Y-negative 
direction) with respect to optical axis LA, only the top side 
will be described for convenience sake. 

Of the outgoing light emitted from light generation point 
L0 of arc tube 20, the light reflected off the first reflector 
portion 31 located in the rear of arc tube 20 as viewed from 
optical axis LA, passes through light generation point L0 
once again and goes out to the front of arc tube 20 as viewed 
from optical axis LA. 

[0061] In this case, of the outgoing light beams emitted 

to the front of arc tube 20 as viewed from the optical axis 
LA, light beams which range within an angle (a-LO-b) defined 
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by the light beam (LO-a) that illuminates the innermost portion 
of second reflector portion 32 and the light beam (LO-b) that 
illuminates the outermost portion (the vicinity of the 
opening) of second reflector portion 32 , will illuminate the 
second reflector portion 32. 

[0062] The light beam (LO-a) that illuminates the innermost 

portion of the second reflector portion 32 , and the light 
beam (LO-b) that illuminates the outermost portion (the 
vicinity of the opening) of second reflector portion 32 
illuminate condensed spot Sp as the second focus of second 
reflector portion 32. 

If there is no lens 40, most of light beams ranging within 
the angle defined by b-LO-Sp will not illuminate the second 
reflector 32. Here, when a point of intersection between the 
outgoing light beam (LO-b) that is emitted from light 
generation point L0 of arc tube 20 and illuminates the outermost 
portion (the vicinity of the opening) of second reflector 
portion 32 and the light beam (a-Sp) reflected at point a 
of second reflector portion 32 is designated at c, and when 
the principal point H (use of a thin lens is presumed) of 
lens 40 is positioned on the optical axis LA, the distance 
c-H corresponds to the effective radius of the lens to be 
arranged. 

[0063] FIG . 7 is an illustrative view showing the focal 

length and image forming magnification of a lens. 
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When the light generation point LO of arc tube 20 is 
positioned at the object surface with an image height y and 
the condensed spot Sp is positioned at the image surface with 
an image height yd, and when the front-side focus of a lens 
5 40 to be laid out is represented as F, the rear-side focus 

as Fd, the front-side radius of curvature of the lens as Rl, 
the rear-side radius of curvature as R2, the distance from 
the principal point H to the front-side focus F and the distance 
from the principal point H to the rear-side focus Fd as f , 
10 the distance from the front-side focus F to the object surface 

as Z, the distance from the rear-side focus Fd to the image 
surface Sp as Zd, the lens is designed so as to satisfy the 
following relationship. 
[0064] 

15 l/f=(N-l) { (1/R1)+(1/R2) } 

where N is the index of refraction of the lens glass material. 
y/yd=Z/f • ■ • (5) 

y/yd=f /Zd • • - (6) 

Here, the image forming magnification M is assumed so that 
20 M=yd/y, 

Z=f /M ' • • (7) 

Zd=fxM ■ • ■ (8) 

Further, when symbols are defined so that C-L0-Sp=U 

(angle of light collection) , C-Sp-L0=Ud (angle of light 
25 condensation) and C-H=h, 
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U =h/{ (1+1/M) xf } • • • (9) 
Ud=h/{ (1+ M) xf } • • • (10) . 
From Eqs. (9) and (10), 
U/Ud =(1+ M) / (1+1/M) =M(1+ M)/(l+ M) 
=M 

=yd/y • • • (11) 

[0065] Here, the arc gap of the high-pressure mercury lamp 

used in each embodiment was 1.05 (mm) , and based on the size 
of the incident face of the rod integrator, 3-0x4.0 (mm), 
the image forming magnification M of the lens 40 was designed 
so as to be 2.5 to 4. The glass material of the used lens 
is quartz having an index of refraction of 1.4 6, based on 
which the curvature of lens 40 was determined. 

When second reflector portion 42 is formed with a 
hyperboloid as shown in FIG. 3, it is possible to design the 
layout so that light is adapted to irradiate the predetermined 
area Sp approximately perpendicularly thereto (approximately 
parallel with optical axis LA) after incidence of the outgoing 
light from arc tube 20 on the lens 40, by setting lens 40 
at the principal point H in the same manner as above. 
[0066] FIG. 8 shows the results of the use efficiency of 

the outgoing light emitted f roma light source when the diagonal 
size of the predetermined area of the present invention is 
varied. FIG. 8 is a comparative chart showing the results 
of the use efficiency of the outgoing light emitted from a 
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light source when the diagonal size of the predetermined area 
is varied. 

In the chart, the "solid circles" represent the present 
invention; the "solid triangles" represent a conventional 
light source device, which has been put to practical use and 
has the electrode axis of the arc tube arranged parallel with 
the optical axis and uses a reflector having an ellipsoidal 
reflecting surface; the "solid squares" represent a light 
source device (the first prior art) , which has been proposed 
previously and has the electrode axis of the arc tube arranged 
approximately perpendicularly to the optical axis and uses 
a reflector having an ellipsoid; and the "crosses" represent 
a light source device (the second prior art) , which has the 
electrode axis of the arc tube arranged approximately 
perpendicularly to the optical axis and uses a reflector having 
a spherical reflecting surface and the like. 
[0067] The design conditions were selected so that the 

arc gap of the arc tube was 1.05 (mm), the maximum angle of 
light emission from the opening of the light source device 
was 30 degrees, and the distance from the light source to 
the condensed spot was not longer than 50 (mm) . The 
reflector's opening diameter, effective lens diameter were 
specified to be 40 (mm) or smaller. 

[0068] Though the aforementioned prior art (represented 

by solid triangles) entails loss of light since light beams 
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irradiate the sealed portions of the arc tube partly located 
in the optical axis direction, the use efficiency of the 
outgoing light emitted from the light source is higher than 
that of the first and second prior art light source devices. 

In the first prior art, essentially, the only collected 
light beams are those reflected off the ellipsoidal surface 
of the reflector, this configuration has a 10% loss of light 
compared to the light source device of the present invention 
when the diagonal size at the desired condensed spot Sp is 
5 to 10 (mm) . 

[0069] Concerning the second prior art, this configuration 

is unpreferable for illumination on a micro condensed spot; 
when the diagonal size of the desired condensed spot Sp was 
10 (mm) , the use efficiency of the outgoing light emitted 
from the light source was about 20 (%) . 

For the lens of the second prior art, glass materials 
having an index of refraction ranging 1.46 to 1.98 were used 
for estimation. In FIG. 8, data with the index of refraction 
set at 1.98 is shown. As the glass material which will not 
degrade under the high temperature atmosphere near the arc 
tube, quartz and synthesized quartz can be considered, whose 
index of refraction is about 1.46, which cause a further 
reduction in the use efficiency of outgoing light emitted 
from the light source. As other glass materials, sapphire 
(index of refraction: 1.77) and diamond ( index of refraction : 
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2.4) can be mentioned but are unpractical because they are 
expensive . 

[0070] The light source device B according to the first 
embodiment has the equivalent use efficiency of the outgoing 
5 light emitted from the light source to that of the light source 

device according to the conventional art that has been put 
topracticaluse, andwhen the desiredarea is small indiameter, 
the use efficiency of the outgoing light emitted from the 
light source can be improved by 10(%) from that of the prior 
10 art. 

[0071] Next, a light source device D according to the third 
embodiment will be described with reference to FIG. 9. 

FIG. 9 is a horizontal sectional view showing a basic 
configuration of a light source device D according to the 

15 third embodiment of the present invention. 

Since the light source device D according to the third 
embodiment has the same configuration as that of the light 
source device according to the aforementioned first embodiment 
except the reflector configuration, the components equivalent 

20 to those are allotted with the same reference numerals without 

detailed description. Here, description will be made on only 
the reflector, which has a different configuration. 
[0072] A reflector 44 is integrally formed of a first 
reflector portion 45 having a spherical surface centered at 

25 the light generation point L0 of arc tube 20, a second reflector 
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portion 46 having a curved surface different from the first 
reflector portion 45, and a luminance equalization means 44a . 

"A curved surface different from the first reflector 
portion 45" is an ellipsoid in the present embodiment, but 
5 is not limited to this. For example, a spherical surface that 

has a curvature different from that of the spherical surface 
of the aforementioned first reflector 45 may be used. 
Alternatively, curved surfaces other than spherical surfaces 
such as hyperboloids etc., may be used as has been already 

10 mentioned. 

[0073] Formedbetween first reflector portion 45 andsecond 

reflector portion 46 is a light source fitting groove 47 having 
a predetermined width W, in which arc tube 20 is placed. "A 
predetermined width W" is as large as a clearance is marginally 

15 formed around sealed portions 23a and 23b of arc tube 20, 

and can be specified taking into consideration the degree 
of heat radiation of the arc tube 20, as has been already 
mentioned. 

[0074 ] Specifically, reflector 44 is constructed such that 

20 a circular cone is extended from the opening portion of second 

reflector portion 46 of reflector 44 in a manner that will 
not block the propagation of the outgoing light beam along 
the path d-Sp with the maximum outgoing angle (the angle defined 
by LO-Sp-d) , among the outgoing light beams that advance along 
25 paths LO-d-Sp and illuminate the reflector 44 , and is connected 
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to luminance equalization means 44a in the vicinity of 
condensed spot Sp. 

[0075] Luminance equalization means 44a has a function 
of equalizing (flattening) the surface luminance of the light 
5 beams by shaping the outgoing light emitted from arc tube 

20 into a designated pattern and by mixing using multiple 
reflection, and is formed of a cylindrical shape having a 
necessary length and arranged at the front end of reflector 
44 . 

10 In other words, the outgoing light emitted from the light 

source is shaped into a designatedpattern andmixedby multiple 
reflection to provide the function of making the surface 
luminance of the light beams uniform. 

"A designated pattern" means a similar pattern to the 

15 light valve (here, the DMD shape = square) . 

[007 6] The shape of the opening of the luminance 

equalization means 44a is determined depending on the angle 
of emission from the light source device, the image forming 
magnification determined by the area of a light valve 206 

20 and the incident angle, in an af termentioned projection type 

video display apparatus shown in FIG. 16. 

The inner surface of luminance equalization means 44a 
may be formed in the following manner. 

• Similarly to second reflector portion 46 and first reflector 
25 portion 45, a heat conversion layer for the infrared component 
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and a smoothened layer and a dielectric reflection 
multi-layered film consisting of Ti0 2 and Si0 2 are formed. 
• Other than the formation of dielectric reflection 
multi-layered film, it is possible to use an aluminum substrate 
(metal substrate) which is simply polished or it is possible 
to process total-reflection film vapor deposition and 
high-reflection coating of silver and the like over the 
aluminum substrate. 

[0077] Further, when a lens rod integrator is built in 

the inner surface of the luminance equalization means 44a, 
it is no longer necessary to perform film forming on the inner 
surface of luminance equalization means 4 4 and hence it is 
possible to realize an anti-explosion device in a simple 
manner . 

Moreover, use of a glass material such as f luorite, which 
converts ultraviolet rays and infrared rays into visible light 
rays, as the lens rod integrator makes it possible to improve 
the use efficiency of the outgoing light emitted from the 
light source. 

[0078] A light source device E according to the fourth 
embodiment will be described with reference to FIG. 10. FIG. 
10 is a horizontal sectional view showing a light source device 
E according to the fourth embodiment. 

Since the light source device E according to the fourth 
embodiment has the same configuration as that of the light 
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source device according to the aforementioned third embodiment 
except in that radiating members are provided, the components 
equivalent to those are allotted with the same reference 
numerals without detailed description. Here, description 
will be made on the radiating members only. 
[0079] Radiating members 60, 60 each have an inside 

diameter that approximately corresponds to the outside 
diameter of sealed portions 23a and 23b and have an outside 
diameter that approximately corresponds to the clearance W 
of reflector 44, are each formed of a simple cylinder which 
has a length Ll or a cylinder which is formed obliquely at 
one end thereof having lengths Ll and L2 corresponding to 
the lengths of the reflector 44 1 s walls that oppose the sealed 
portion 23a (23b), and are formed of a metal having good thermal 
conductivity, material containing ceramics (alumina), cement 
or the like. If some gaps form between reflector 44 and 
radiating members 60, 60, between sealed portions 23a, 23b 
and radiating members 60, 60, the gaps may be filled up with 
heat-resisting cement, grease or an oil compound, as 
necessary. 

[0080] With this arrangement, it is possible to efficiently 
conduct heat from arc tube 20 during continuous illumination 
to reflector 44, whereby it is possible to achieve temperature 
control of arc tube 20 for optimal illumination. It is of 
course possible to apply these radiating members to the light 
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source devices of the individual embodiments illustrated with 
reference to FIGS. 1 to 6. 

[0081] A light source device F according to the fifth 
embodiment will be described with reference to FIG. 11. FIG. 
5 11 is a horizontal sectional view showing a light source device 

F according to the fifth embodiment. 

Since the light source device F according to the fifth 
embodiment has the same configuration as that of the light 
source device according to the aforementioned fourth 

10 embodiment except in that auxiliary electrodes are provided 

and the reflector is grounded, the components equivalent to 
those are allotted with the same reference numerals without 
detailed description, and only the differences will be 
described herein. 

15 [0082] Auxiliary electrodes 61, 61 have annular 

configurations that enclose sealed portions 23a and 23b of 
arc tube 20 at their proximal side, and are electrically 
connected to the vicinity of the ends of first reflector portion 
45 of reflector 44. With this arrangement, it is possible 

20 to improve the starting performance of arc tube 20, and it 

is possible to arrange the auxiliary electrodes in the space 
other than the light output distribution of arc tube 20, hence 
the use efficiency of the outgoing light emitted from the 
light source will not be degraded. 

25 [0083] A light source device G according to the sixth 



embodiment will be described with reference to FIG. 12. FIG. 
12 is a horizontal sectional view showing a light source device 
G according to the sixth embodiment. 

Since the light source device G according to the sixth 
embodiment has the same configuration as that of the light 
source device according to the aforementioned fifth embodiment 
except in that the auxiliary electrodes are integrally formed 
with the reflector, the components equivalent to those are 
allotted with the same reference numerals without detailed 
description, and only the differences will be described 
herein . 

[0084 ] Auxiliary electrode members 4 8 , 4 8 of a rectangular 
parallelepiped having a necessary length are projectively 
formed at the vicinity at both end parts of first reflector 
portion 45 of reflector 44. 

Auxiliary electrode members 48 , 48 have circular fit-in 
holes 48a, 48a having diameters that correspond to the outside 
diameters of sealed portions 23a and 23b of arc tube 20. With 
this arrangement, it is possible to improve the starting 
performance of arc tube 20, and it is also possible to arrange 
the auxiliary electrodes in the space other than the light 
output distribution of arc tube 20, hence the use efficiency 
of the outgoing light emitted from the light source will not 
be degraded, similarly to that described as to the fifth 
embodiment . 
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[0085] Referring to FIGS . 13 to 15, variational examples 
of reflectors will be described. FIG. 13 is a schematic view 
showing a reflector according to the first variational 
example; FIG. 14(a) is a schematic horizontal sectional view 
5 showing a reflector of the second variational example; (b) 

is a sectional view cut along a line I-I shown in (a) ; FIG. 
15 is a schematic horizontal sectional view showing a reflector 
of the third variational example; and (b) is a sectional view 
cut along a line II-II shown in (a) . 

10 [0086] A reflector 70 according to the first variational 

example shown in FIG. 13 is composed of a reflector part 71 
formed with a first reflector portion 71a having a spherical 
surface centered at light generation point L0 of arc tube 
20 and a reflector part 72 formed with a second reflector 

15 portion 72a having a curved surface different from first 

reflector portion 71a. 

[0087] Reflector parts 71 and 72 are constructed so as 
to be separated along a plane that contain electrode axis 
01. That is, reflector part 71 and reflector part 72 can be 

20 separated in a direction perpendicular to optical axis LA. 

Flanges 71b having non-threaded bolt holes 71c are 
projectively formed along the separated face of reflector 
part 71 while flanges 72b having threaded bolt holes 72c are 
projectively formed along the separated face of reflector 

25 part 72, so that the reflector parts can be easily joined 
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to and separated from each other by means of these flanges 
71b and 72b with bolts etc. 

[008 8] In the present embodiment , bolts (screws) having 

the same material as that of the substrate of reflector 70 
5 are used for screw-fastening. This is because if bolts 

(screws) of a different material are used, deformation and 
screw breakage occurs due to difference in thermal expansion 
ratio. That is, it is possible to prevent deformation and 
screw breakage from occurring by using bolts (screws) having 

10 the same material as the substrate of reflector 70 for 

screw- fastening . 

As another configuration, it is possible to fix the 
reflector parts to each other by simply fitting one reflector 
part to the other using projections and indentations formed 

15 therein for coupling and providing a separate holding 

mechanism. 

[0089] Though "a curved surface different from first 

reflector portion 71a" here is an ellipsoid, a spherical 
surface different in curvature from the spherical surface 

20 of the first reflector portion 71amaybe used. Alternatively, 

a curved surface other than spherical surfaces, such as 
hyperboloids, is also acceptable. 

When vapor deposition film is formed on a reflector having 
a composite shape, the lamination thickness of the film and 

25 film density become uneven depending on the difference in 
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curvature, the flight distance of vapor deposition molecules , 
and the incident angle of vapor deposition molecules on the 
film forming surface. For this reason, the reflector 70 shown 
in FIG. 13 is divided into reflecting surface pieces having 
5 individual curvatures, so as to determine the vapor deposition 

conditions for film forming on each of the concentric spherical 
and ellipsoidal surfaces, whereby it is possible to realize 
a reflector having good reflectance for the visible light 
range, and hence improve the use efficiency of the outgoing 

10 light emitted from the light source. 

[0090] A reflector 80 according to the second variational 

example shown in FIGS. 14(a) and (b) is formed of a top-half 
reflector part 81 composed of a top half 82a of a first reflector 
82 having a spherical surface centered at light generation 

15 point L0 of arc tube 20 and a top half 83a of a second reflector 

portion 83 having a curved surface different from first 
reflector portion 82, and a bottom-half reflector part 84 
composed of a bottom half 82b of the first reflector 82 having 
a spherical surface centered at light generation point L0 

20 of arc tube 20 and a bottom half 83b of the second reflector 

portion 83 having a curved surface different from first 
reflector portion 82. 

[0091] In other words, reflector 80 is constructed so as 

to be divided along the optical axis LA. This divided 
25 structure is especially effective for a reflector that is 
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small and has a large depth. 

However, the angle 0sa formed between the line SO-e that 
connects a vapor deposition source So and a position e on 
the reflection film forming surface and the normal to the 
5 reflection film forming surface is relatively large. This 

means that the incident angle of the vapor deposition molecules 
onto the position e on the reflection film forming surface 
is large, accordingly, the film forming at this part is not 
good compared to that at a position f on the reflection film 

10 forming surface. 

[0092] A reflector 90 according to the third variational 
example is composed of four right-angled reflector parts 91 
to 94, into which the reflector is separated along the optical 
axis LA as its center. 

15 Each reflector part 91 (92 to 94) is formed of a quadrant 

portion 95a of the first reflector 95 of a spherical surface 
centered at light generation point L0 of arc tube 20 and a 
quadrant portion 96a of second reflector portion 96 having 
a curved surface different from the first reflector 95. 

20 [0093] In this way, as the number (number of parts) of 

reflector parts is increased, the flight distances of vapor 
deposition molecules from vapor deposition source SO to 
positions g, h and i on the reflection film forming surface 
become equal and the incident angles of vapor deposition 

25 molecules can be equalized. 



46 



Concerning the film forming result at the position i 
on the reflection film forming surface, double precision could 
be obtained compared to that at the position j on the reflection 
film forming surface shown in FIG. 14. Further, since all 
5 the separated reflector parts have the same shape, a large 

number of reflector parts can be film formed by one batch 
vapor disposition processing, no change occurs from before 
in view of cost even though the separated structure is adopted . 
[0094] Next, a video display apparatus using the light 

10 source device according to any of the above embodiments will 

be described with reference to FIG. 16. FIG. 16 is a schematic 
view showing an overall configuration of a video display 
apparatus according to one embodiment of the present invention. 
In FIG. 16, an example in which the light source device B 

15 shown in FIG. 1 is used is described, but instead of light 

source device B light source devices C, D, E, F and G may 
be adopted. 

[0095] A video display apparatus H according to one 
embodiment of the present invention is composed of the light 

20 source device B, a color wheel 100, a rod integrator 101, 

lenses 102 to 104, a mirror 105, a light valve 106 and a 
projection lens 107. Designated at 108 is a screen. 

Outgoing light emitted from arc tube 20 of light source 
device B is reflected off reflector 30 and is condensed on 

25 the incident face of rod integrator 101. 
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[0096] Color wheel 100 is disposed before the incident 
face of rod integrator P4 and is disc-shaped having R (red) 
filters, G (green) filters and B (blue) filters, arranged 
along the direction of circumference. 
5 [0097 ] Rod integrator 101 shapes the incident light thereto 

so as to emit a bundle of light rays having a desired sectional 
shape corresponding to the flat face shape (rectangle or square 
in this case) of light valve 106 with uniform luminance at 
all points. 

10 [0098] As color wheel 100 rotates, the reflected light 

from the reflector 30 passes through the R, G and B filters, 
whereby the transmitted light corresponding to these R, G 
and B filters sequentially enter the rod integrator 101. 
[0099] Light valve 106 is a projection medium for creating 

15 projected images and composed of a DMD (digital micro-mirror 

device) . In the case of a DMD, mirrors for micro segments 
are controlled as to their directions of reflection in 
accordance with the designated projected image, to form a 
projection light image formed of colors of light created by 

20 the R, G and B filters. 

[0100] The light beams are equalized as to the luminance 

on the desired plane by rod integrator 101, and advance through 
the optical system including lenses 102 to 104 and mirror 
105 and become incident on light valve 106, where a projection 

25 light image is created. 
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The projection light image formed by light valve 106 
passes through pro j ection lens 107 to be irradiated onto screen 
108 for image projection. 

[0101] It should be noted that the present invention is 

not be limited to any of the aforementioned embodiments , and 
variations as follows can be made possible. 

The. light source device according to each of the 
aforementioned embodiments has been explained as the light 
source device for a projection type video display apparatus , 
but should not be limited to this and can be used as a light 
source for other apparatuses. 

Concerning projection type video display apparatuses, 
the light source device according to each of the embodiments 
of the present invention can be applied to other configurations 
than that shown in FIG. 16, wherein a different light path 
is employed or a light valve 106 of a liquid crystal type 
is used. 

Though in the above embodiments, light sources using 
arc tubes were shown, but instead of this any other known 
light source can of course be used. 

Industrial Applicability 

[0102] The present invention is to provide a high- luminance 
light source using an arc tube which achieves illumination 
by causing arc discharge, such as a metal halide lamp, xenon 
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short arc lamp and high-pressure type mercury lamp, the light 
source having a simple and compact configuration, still being 
improved in efficiency of light condensation to a 
predetermined small-diametric area. Accordingly, it is 
5 possible to provide a light source device free from lowering 

of light collection efficiency and apply it to a projection 
type video display apparatus that needs such a high luminance 
light source device. 



